Abstract. The magnification probability distribution (MPD) is ob tained with the ray-bundle method (RBM) for three classes of cold dark matter models: SCDM, OCDM and LCDM. The MPDs are used to place limits on the measurements of q0 from high-redshift standard candles, such as Type Ia Supernovae.
Cosmological Models and the Ray-Bundle Method
We live in an inherently clumpy Universe which is smooth only on the largest scales ( � 100 Mpc). As a result, light rays from high-redshift sources are de flected after many long distance encounters. This weak gravitational lensing induces shape changes (magnification) to bundles of light rays, causing a spread in the observed source flux. This has important consequences for measurements of q0 from standard candle sources, such as Type Ia supernovae. The ray-bundle method (RBM) is a new technique for calculating the mag nification of gravitationally lensed sources in the weak lensing limit, in addition to providing detailed information on lensing-induced shape distortions along the line-of-sight (Fluke, Webster & Mortlock 1999a) . The RBM follows the path of a bundle of light rays through a sequence of lens planes to the source redshift, using the multiple-plane lens equation. The RBM is trivial to implement and has high accuracy in the weak lensing limit.
The RBM was used to investigate weak lensing within cosmological models in order to obtain the magnification probability distribution (MPD). Sixteen· different dark matter-only cosmological models were created with the Hydra N-body, smooth particle hydrodynamic code (Couchman, Thomas & Pearce 1995) . These models were variations of SCDM (D0, >.0) = (1.0, 0.0), OCDM (D0, .\0) = (0.3, 0.0) and LCDM (D0, >.0) = (0.3, 0.7). It was found in the weak lensing limit that the MPD for a given class of models (e.g.,. SCDM) did not depend on H0, r, a8 or the comoving simulation box size. It was possible to distinguish between the MPDs of the OCDM and LCDM models only at z5 � 1 and between the SCDM and OCDM/LCDM models at Zs � 0.3. Full details of the method and results are described in Fluke, Webster & Mortlock (1999b ) . 
Application to Standard Candles
The distance modulus for a standard candle at redshift z,
depends on q0 through the luminosity distance, DL( z ). Weak lensing produces an additional magnitude change, .6-m(J.Llensin g , z ; qo), which may be estimated from the MPD, so the measured distance modulus is [m(z; q0) -M + .6.m(z ; qo)].
It is not possible to know whether a particular standard candle is viewed through either an empty or full beam, so both empty and full beam luminosity distances were used to obtain fits to qo with the median magnification, J.Lmedian, of the MPDs such that:
(2) Figure 1 shows examples for the SCDM and LCDM models. The empty beam distance gives an upper limit to q0 (thick line), while the full beam distance gives a lower limit (thin line). More than one model may be consistently fit to the weakly magnified standard candle magnitudes (not shown here), so it is necessary to measure q0 as either a function of z, or to combine the results with other methods. A complete description may be found in Fluke & Webster . (1999c) .
